
CARDIAC INVOLVEMENT IN HEMOCHROMATOSIS

BY HOWAIARD P. LEWVIS, M.D.

PORTLAND, OREGON

Hemochromatosis, although a rare disease, has become well
known since Trousseau originally described it.' Clinicians gen-
erally are aware of its clinical features, but its inifrequent occur-
rence and varied manifestations often result in its recognition for
the first time at the autopsy table. The condition has been re-
ported with greater frequency in recent years, due, no doubt, to
better clinical perception and improved mlethods of study.

It is not the purpose of this paper to indulge in a description
of the disorder itself, since there are miiany excellent publications
wherein it is adequately described. Rather, this discussion will
deal with the cardiac changes in this disease, which have, until
recently, been given scant attention. As anl examiiple, Sheldon2
in his classic description of the condition, makes little reference to
involvement of the heart, beyond pointing out that it frequently
contains huge amounts of iron and that some of the reported
cases died of heart failure. Blumer and Nesbit3 point out that
for some time the French have described what they believed to be
an endocrinohepatocardiac syndrome in hemochromiiatosis that
resulted in cardiac failure. However, they did not assume the
failure was secondary to primary involvenment of the myocardium
but believed that endocrine disturbances secondary to hemochro-
matosis were responsible. Their patients exhibited cardiac failure
at an earlier age than hemochromatosis is usually found (fourth
and fifth decades) ; atrophy of the testes and infantilism were

present; and death occurred from cardiac failure. Little support
for this hypothesis has developed elsewhere and it seems unlikely
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that this syndrome represents true cardiac failure from hemo-
siderosis of the heart.

The name 'bronze diabetes" was given to hemochromatosis
by Hartmian and Chausser in 1882 because of the association of
a bronzed-appearinig skin pigmentation with diabetes. This term
has seemed to cling to this disease since as its "nom de plume."
Such a characterization has tended to obscure the frequency with
which the disorder does occur without pigmentation or without
diabetes or both, and sometimes with overt evidences of primary
cardiac disease which, in the absence of diabetes and pigmentation,
can become a diagnostic problem, indeed. The first of the two
cases reported herein well illustrates this point.

Althausen and Kerr4 in 1933 suggested that, while up to that
time cardiac failure had not been considered an important cause
of death in hemochromatosis, the better control of diabetes would
make it possible for miiany of these patients to live long enough
to succumb from other complications of their disease. For that
reason, in the future cardiac failure might be expected to assume
more importance as a cause of their death. Their thoughts seem
to be borne out by the increasing frequency with which myo-
cardial involvement and failure from hemochromatosis is being
reported. It seems evident n(ow that dleath from myocardial failure
constitutes a considerable threat to patients who haxve this con-
dition.

Excess iron storage, witlh the resultant picture of hemochro-
matosis, seems to come about by three separate mechaniisms:

Endogenotfs, increased absorption of iron. Hitherto it has
been assumed that this was the only important mechanism by
which hemochromatosis was produced. A poorly understood con-
trol seems to exist in the form of an intestinal mucosal block to
the absorption of much more than 1 mg. of elemental iron per
day. Since, in the absence of blood loss, about .5 mg. of iron is
lost per day, this mechanism effectively protects the normal indi-
vidual from iron excess. However, severely anemic patients can
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absorb 5 mg. or perhaps mnore iron per day, and dietary and
nutritional changes may also cause a significant increase in iron
uptake.5 9 The exact mechanism of operation of the mucosal
block still remains speculative and unknown. Granick6 suggests
that the concentration of ferritin in the mucosal cells might be
important, but it is interesting that no evidence of a defect in ferri-
tin formation has been demonstrated in hemochromatosis. It has
been suggested that an inborn metabolic error may exist in hemo-
chronmatosis w-herein there is a greater than normal tendency for
intestinal mucosal cells to reduce iron so that it can be more
easily and rapidly passed on to the circulation. An inborn metab-
olic defect is implied by the known occurrence of familial hemo-
chromatosis, reported by Rogers7 and others.

E.rogenoits iron, usually given by way of multiple transfusions,
can be an important cause of hemnochromatosis. Since each 500
cc. of normal blood contains roughly 250 mg. of elemental iron,
it is easy to see how the receipt of many transfusions by patients
who do not have blood loss, can result in enormous increases in
storage iron. Excess iron acquired this way first seems to find
its way to the reticulo-endothelial cells. Eventually, however, it
is slowly redistributed in the same way as absorbed iron, thereby
producing a state of hemosiderosis indistinguishable from heimo-
chromatosis.5 10 It has been pointed out by Schwartz and Blu-
menthal8 that not all cases of hemochromatosis following multiple
transfusions have received a large amount of blood. They cite
instances in which only twelve transfusions had been given over

a period of nine months. It wouldl seem that other unknown
factors, such as oral iron administration, increased iron absorption
in the aneimiic state, or nutritional factors which might alter iron
absorption, must be operating as well. Cardiac failure is rarely
mentioned as a comiplication of exogenous iron excess. Case 2
seems to represent cardiac failure secondary, at least in part, to

exogenous hemochromatosis.

Nutritionial, dietary, or event panicreatic disorders have been
suggested as causes for increased iron accumulation by Gillmain
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and Gillman9 in their detailed study of imiallntutrition in African
natives. They demonstrated miiarked accuimulationi of iron in the
liver and other tissues of African pellagrins and in natives appar-
ently well who had subsisted on a marginal diet. They pointed
out that most of the pellagrins lived on a diet consisting largely
of maize. In their studies, they demiionstrated that such a diet
was high in iron, and when fed in the presence of a low phos-
phorous intake, caused abnormal absorption of iron in experi-
mental animals. It was also found that when the pancreatic duct
of cats was ligated a great increase in iron absorption took place,
which indicated that in animals, at least, a deficiency of pancreatic
secretion influenced the speed of iron absorption. Althausen et
a12I believe that the changes observed by Gillman and Gillman are
due to a disturbance in the dietary iron-phosphorus ratio and to
gross deficiency of protein, minerals and vitamins. What impli-
cation these observations may have in htumans is not known. Their
studies suggest the possible importance of overt or sub-clinical
states of malnutrition in iron storage disease.

The following two case reports are illustrative of myocardial
failture encountered as a primary cauise of death in hemochroma-
tosis. They illustrate the disease acquired in two different ways
and will serve as a basis for further discussion of the problemii.

CASE N(). 1

A 27-year old male eintered the United States Veterans Hospital in
Portland, Oregon for the first time October 8, 1946. He had been in
excellenit health ultil March 1944 wheni he first experienced easy fatigability
and shortniess of breatlh with more than usual exertioni. He was in the
Military Service at that time. By March 1945 he had dyspniea oni ordillary
exertion. \Vhen hospitalized in 1945 he was founld to have auricular
fibrillationi and cardiac failure. He was digitalized anid improved moderately.
He continiued this medicationi unitil his discharge in March 1946 after xvhiclh
he voluntarily discontinued it. At the time of his discharge from the Service
such acts as climbing stairs or walkinig up a moderate inicline would provoke
shortniess of breath.

In August 1946 swelling of his ankles and enlargemeint of his abdomen
appeared and in the course of five days this swelling became very marked.
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He had noticed cyanosis for at least two months and had had cough during
the same time, which was not productive. An episode of hematuria and
dysuria occurred at the onset of the edema and lasted three days.

His father, mother, 3 brothers and 1 sister were living and well. There
was no history of familial or chronic disease in the family.

He had had the usual childhood diseases, with no sequelae, and a
tonsillectomy in June 1942. He did not use drugs or alcohol and smoked
moderately. Otherwise his past history was not significant.

Physical Examnination: The patient was well nourished and developed,
markedly dyspneic and quite cyanotic about the head, neck, chest and
back. BP 120/80; P 120, with irregular irregularity. Temperature normal.
His skin was normal, and outside of cyanosis, showed no pigmentation or
other changes. Complete examination of the head and neck was normal
except for mild swelling of both eyelids, more on the right.

Examination of the chest showed evidence of fluid in the lower half
of the right thorax. The cardiac impulse could not be felt but the heart
seemed enlarged. Its sounds were normal. No murmurs were detected.
Auricular fibrillation was present. Quite marked distention of the peripheral
neck veins without significant pulsations was evident.

His abdomen was markedly distended and there was extensive edema
of the skin over it. The liver could be felt four fingerbreadths below the
costal margin in the midclavicular line. No other organs were palpable.
The penis and scrotum were markedly swollen and there was heavy, gen-
eralized edema of the lower extremities.

Laboratory Examninationl: RBC 4,760,000; Hg. 94%o; WBC 7,200;
PMN 93%; S.L. 7%o. Urinalysis showed a trace of albumin, occasional
hyaline casts, and an occasional white blood cell. No sugar was found.
Pleural fluid from the right chest proved to be a transudate.

Digitalis was immediately administered and the following day his
rhythm returned to normal. Electrocardiographic findings showed very low
voltage in all complexes and mild changes not inconsistent with pericarditis.

X-rays of the chest (Fig. 1) showed diffuse enlargement of the heart,
particularly to the left, and a right pleural effusion. The mediastinum did
not seem to be displaced. Fluoroscopic examination confirmed the fact
that the heart was considerably dilated in all chambers and poor movement
was seen along the whole of the left border. Only moderate pulmonary
congestion could be made out by x-ray.
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FIGURE 1 Case 1. X-ray of chest taken about one month after original
hospital admission. The right pleural effusion has nearly disappeared.
Gross increase in the cardiac size is obvious, as are the evidenices of pul-
monary congestion.

The venous pressure was recorded 170 and 188 mm. of water. Ether
circulation time was 23 seconds, the Decllolini circulation time 30 seconds.

Additional laboratory studies showed the blood urea to be 16.8 mg.%.
The total plasma proteins were 7.5 gms.%, albumin 4.2 gms.%, globulin
3.3 gms.%7. Subsequent urinalyses failed to reveal any abnormalities. Re-
peated electrocardiograms continiued to show very low voltage of the QRST
complexes, a slightly prolonged PR interval and a regular silnus rhythm.

Mercurial diuretics were added to his regime. His edema disappeared
and he improved greatly. His cyanosis left and the venous distention was
greatly reduced but not completely. For a time serious consideration was
given to the possibility of constrictive pericarditis or pericardial effusion,
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but observatioin failed to confirm these opinions. He was discharged No-
vember 23, 1946, considerably improved but still with a markedly enlarged
heart and enlargement of the liver.

He remained at home for a montlh on very limited activity and sat up
for only four or five lhours daily. Digitalis, ammonium chloride and mer-
curial diuretics were continiued. About two weeks after his return to his
home, his dyspnea began to increase and the ankle edema returned, forcing
him to be re-admitted on December 19, 1946. At this time examination
again showed marked evidenice of venous distention, fluid occupying the
lower 2/3 of the right chest, marked cardiac enlargement with auricular
fibrillation, marked lhepatomegaly, moderate peripheral edema and cyanosis.

The medication- previously given was continued and chest aspiration
was performed. Electrocardiograms at this time showed the same low
voltage. Auricular fibrillation was present. Further studies showed a
cephalin cholesterol flocculation- test of 3+, Takata-Ara test of 4+, and
an icterus inidex of 7. Plasma proteins were still witlhin normal limits.
The venous pressure during this hospitalization rose as high as 192. The
ether circulation time was 29 seconds, the Decholin time 32 seconds.

He improved steadily and was again discharged oni February 11, 1947
with no evidence of fluid in his chest and no peripheral edema.

He was admitted to the hospital for the last time oni October 16, 1947.
The prescribed therapy had been followed but he had continued to be short
of breath and had frequent coughing spells when he would lie down or
would change position. Excessive pounding and irregularity of his heart
disturbed him. He often suffered from anterior chest pain of a diffuse type
and would have right upper quadrant pain when he would lie down.
Paroxysmal nocturnal dyspnea had distressed him from time to time. OIn
this admission he appeared slightly icteric.

Considerable fluid was again present in the right hemithorax. The
heart was quite markedly enlarged; no murmurs were heard; the apex rate
was 130; the radial rate 80-90; auricular fibrillation was present; BP
90/50. The abdomen contained a moderate amount of fluid and the liver
was enlarged as before. There was considerable edema about the feet,
ankles and lower legs.

Laboratory Examz,ization: RBC 4,760,000; Hg. 94%; WBC 7,200;
PMN 85%; S.L. 15%. Sedimentation rate 34 mm. (Wintrobe). Urinalysis
showed a trace of albumin. an cccasional hyaline cast and \BC. No sugar
was found.

X-ray of the chest demonstrated a massive pleural effusion on the
right with a shift of the mediastinum to the left. The heart still remained
markedly enlarged.
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Shortly after admission he complained of severe abdominal pain aii(
became orthopenic and cyanotic. His temperature rose to 104.40 rectally.
Subsequent to this episode, empyema appeared oni the right side and a gram
negative, non-motile, mutable colon organism was recovered from the blood.
His white couInt rose to 13,000, his BUN was 20. He was treated with
streptomycin and penicillin. During the next two weeks his temperature fell
to normal and his white count to 5,200. A drainage tube was placed in
the right pleural space from which foul, purulent material was drained.

Further laboratory studies showed total plasma proteins 6.3 gms.%;
albumin 3.6 gms.%; globulin 2.7 gms.%9; icterus index 6; prothrombin time
varying between 37 and 87%o. Repeated urinalyses remained normal. His
last blood couint made shortly before his death, showed RBC 4,270,000;
Hg. 84%o; WBC 4,500; PMN 73%o; S.L. 27%o; sedimentationi rate 15 mm.
(Wintrobe).

With anti-microbial therapy contiilued for six weeks, he improved.
However, his electrocardiograms during this time had shown intraventricular
block, periods of auricular flutter, and at other times, frequent ventricular
premature beats. His treatment consisted of digitalis, a liberal supply of
all vitamins and mercurial diuretics.

After this period of improvement, he began to retrogress and three
weeks before his death, ankle edema, which rapidly progressed upward to
involve both lower extremities, his abdomen and face, appeared. On De-
cember 27, 1947 he became extremely dyspneic, developed tachycardia of 160,
a markedly diminished peripheral pulse, distended neck veins, and died the
following day.

Postmortemii examiniation was performed. Dr. Erniest J. Losli, Chief
of the Laboratory Service, kindly furnished the details of this examination
and a full interpretation of his findings.

At the time of postmortem no pigmentation of his skin was apparent.
The liver was found 5 cm. below the costal margin in the right midclavic-
ular line, 12 cm. below the costal border in the midsternal line and 12 cm.
below the left costal border in the midclavicular line. The spleen was en-
larged and extended below the costal border.

Complete atelectasis of the right luing was present, as well as a well-
drained, chronic empyema cavity oIn that side. Outside of some congestion
of the left lower lobe, the left lung was normal.

The heart was diffusely enlarged and weighed 508 grams. All the
heart muscle had a somewhat brownishl tinge. The mitral valve admitted
3 fingers and appeared incompetent. Left ventricle was markedly trabecu-
lated and gave the appearailce of mild hypertrophy associated with marked
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dilatation. In the apical region of the right ventricle, there was a recent
appearing mural thrombus and in the same area of the left ventricle a
mural thrombus was present which seemed somewhat organized. Cut sec-
tion of the muscle in the apical region of the left ventricle showed a
hyalinized appearance. The coronary ostia were patent. The coronary
vessels were traced throughout their course and were noted to be patent.
No infarcted areas were seen. The foramen ovale was closed. The aorta
and great vessels showed Ino signlficant changes except for a very mild amount
of atherosclerosis.

The spleen was approximately 2' 2 times the normal size, and two
areas of wedge-shaped infarcts were found in it. It was dark red in
appearance when cut.

The liver weighed approximately 2,200 grams. The capsule was
smooth and glistening. On cut section, it had a nutmeg appearance. The
biliary tract was normal.

The pancreas was larger and heavier than normal and cut section
showed a dark red color to the organ.

The left adrenal was somewhat enlarged. Cut sections of both showed
a homogeneous, dark red appearance on the left, but a normal appearance
on the right.

The gastro-intestinial tract, from the esophagus to the rectum, showed
no significant pathological alterations.

Genito-uriniary system: The kidneys were essentially normal and no
obstruction or disease was found in the ureters or bladder.

Both testes were of normal size and consistenicy and were normal oIn
cut section.

The thyroid was of average size and weight and showed no changes.

Mlicroscopic cxrai;iinationi: Heart: Multiple sections examined revealed
a large quantity of coarse pigment, both within and without the myocardial
fibers (Fig. 2). This pigment, with the hematoxylin and eosin stain, was
yellowish, pale green, and relatively coarse. It was not limited to the
paranuclear area but was found elsewhere throughout the myocardial fibers.
In nunmerous areas the myocardial fibers had undergone complete degenera-
tionl and here the sarcolemma sheaths were present and there appeared to
be pigment withini them. Pigmenit was found in small macrophages in the
interstitial tissue. Myocardial fibers showed degenerative changes in gen-
eral. The nuclei of the myofibrils were enlarged and very pleomorphic.
Some of them were even staghorn in shape. The pigment was not limited
to the myocardium but was also found in other areas.
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FIGURE 2 Case 1. Heart. Hematoxylin and Eosin stain. Hemo-
siderin deposits are extenisive. Other areas showed even greater amoulnts
thani are illustrated here. Note absence of fibrosis. 175 x.

The liver (Fig. 3) showed extensive hemosiderini deposits wxithiln the
hepatic cells and there was marked cirrhosis. The pigment was also
present within the cells of the biliary ducts and in the connective tissue
stroma. The pancreas exhibited a marked amount of fibrosis, with pigment
deposits in large quantities within the pancreatic cells. Pigment was also
found within the Islands of Langerhans anid in the epithelial cells of the
ducts. Special stains revealed extensive iron deposits in the heart, pancreas
and liver.

The parenchymal cells and zona glomerulosa of the adrenals were
heavily laden with the same kind of iron pigmenit.

Only a small amount of pigment was found in the kidney but a large
amount was present in the spleen except in the area of infarction.

This case seems to fairly represent myocardial failure due to
hemochroniatosis. No other cause for the cardiac failure could
be found. His youthful age is of great interest.

CASE No. 2
AIn 11-year old, wlhite female was admitted to the Doernbecher Chil-

dren's Hospital for the last time on November 17, 1952.
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She was noted to be pale at the time of birth, and at 3'2 monthis of
age, because of a rapid declinie inl her conidition, she was brought to a physi-
cian and was found to have a hemoglobin of 10%. She w;as given a trans-
fusion of blood. From this time on the child conitinued to have a chronic
anemia which subsequent bone marrow studies indicated was due to con1-
genital erythrocytic hypoplasia. At no time in the course of her illness was
there evidenice of any deficiency of the graniulocyte series. She was main-
tained through the years with transfusionis and always demonistrated aniemia
which was repeatedly corrected by transfusions.

The child had beeni normal at birth and weighed six pounds, twelve
ounces. She was able to sit up at tlle age of six moniths. Nutrition was
somewhat of a problem inl her case; however, she conitiniued to develop
fairly normally but was smaller thani normal for her age.

Outside of the anemia, she had had no other important illnesses. At
age 5 she lhad chickeni pox and her liver was palpable for a time followxing
this, but the enilargement subsided. Inl January 1952 she had an illnless ill
which her liver became enilarged briefly but receded in size.

FIGIJRE 3. Case 1. Liver. Ironi Staini. Extenisive cirrhosis with heavy
ironi pigment concenitratioin in the pareniclhymal cells. Little ironi is evidenlt
in the scarred areas. Sectionis of the palncreas showed similar chanlges in
the whole orgall. 100 x.
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Up to the time of her death she had received 69,570 cc. of blood by
transfusion. No serious reactions had occurred with the transfusions, al-
though brief febrile episodes were not rare following many of them.

All manner of therapy was tried, including iron, Cortisone and cobalt,
but none were successful. Cortisone was last discontinued in December
1951.

About two years before her death her skin began to appear somewhat
slate-colored and this pigmentation slowly increased.

Numerous urinalyses had been made and at no time had any abnormal-
ities been found.

In July 1952 her liver began to be painful and was found to be quite
enlarged. In September swelling of the hands and ankles was noticed. In
October tachycardia was apparent and, because heart failure was felt to be
present, she was treated with mercuhydrin and digitalis. However, her
liver continued to remain large and painful and dyspnea, as well as edema,
appeared and grew worse.

Physical Exaaiiiioatiooi: Blood pressure 95/70; Pulse 120, regular;
temperature normal. The patient had a dusky-gray appearance to her skin
and was listless. The head and neck showed no significant abnormalities.
The lungs were normal. The heart was enlarged to the left and there
was a systolic murmur 2 cm. to the left of the sternum in the fifth inter-
costal space. The liver was enlarged to the level of the umbilicus, was
quite tender but seemed smooth. The spleen could not be felt. There was
marked pitting edema of both lower extremities and pitting edema in the
lower back area.

Laboratory Exaininationz: RBC 1,690,000; Hg. 5.3 grams; WBC
4,500; PMN 77%; S. L. 14%; Mono. 9%; sed. rate 40 mm. in 45 min.
(Westergren) ; color index 1.12; volume index 1.06; saturation index 1.07;
serum bilirubin 2.7 mg.%; prompt direct 1.8 mg.%. Total plasma proteins 7.2
gms.%; albumin 5.2 gms.%; globulin 2.0 gms.%.

Shortly after admission she began to have severe abdominal pain
without nausea or vomiting. Her pulse rate was 136 and her blood pressure
became unobtainable.

A transfusion of 200 cc. of blood was given with great difficulty in
the external jugular vein. Her blood pressure had risen to 80/60 by the
following morning. On November 20, 1952 her blood pressure was 70
mm/?; her pulse rate 120. X-ray of the chest showed marked general
cardiomegaly, associated with exaggeration of the hilar and bronchovascular
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shadows, consistent with the appearance of cardiac decompensation and
acute passive pulmonary congestion (Fig. 4). Anl electrocardiogram showed
runs of ventricular tachycardia interposed between brief periods of sinus
rhythm. QRST complexes during the periods of sinlus rhythm were some-
what widened and of very low amplitude.

She was continued on digitalis but during the day her liver became
more tender and the edema seemed to increase. Shortly thereafter she
began to expectorate foamy sputum and suddenly expired.

At autopsy examinatioin there was extensive hemosiderosis of the liver,
spleen, lymph nodes, skin, pancreas, adrenals and heart. The heart was

FIGURE 4 Case 2. X-ray of the chest taken shortly before death.
Marked cardiac enilargemeint and pulmonary congestioln. Some of the in-
crease in the size of the cardiac silhouette may have been due to pericardial
fluid.

dilated, exhibited moderate hypertrophy and weighed 240 grams. There
was general anasarca with massive ascites. A moderate pericardial ef-
fusion, pleural effusions and pulmonary edema were present. Both adrenal
cortices showed diffuse atroplhy thought to be the result of prior Cortisone
therapy.
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Mlicroscopic cxanzi,wationt was made by Dr. Terence Cochran of the
Departmenit of Pathology. Heart: (Fig. 5) Numerous sections of the
heart, both from the right and left ventricles, and atria, showed considerable
brown pigment, which gave a positive Prussian blue reaction, indicating
it to be hemosiderin. Most of this pigment was seen within the cytoplasm
of the muscle cells. The other appreciable changes consisted of considerable
variationI in cell size, particularly apparent in cross-sections, with bizarre
and variably sized cell nuclei. Striations were still evident. Although there
were some fine vacuolations within the sarcoplasm of the cells, these were
negative for netural fat and might lhave been simply artefacts. Occasional
cells showed very large square nuclei, indicating hypertrophy and the

01 .1 ..j ..i,..d ':5 >:

FIGURE 5 Case 2. Heart. Iron stain. The heavy iron deposits
visible in the muscle cells were widespread. No fibrosis was present. 175 x.

focal small cells were interpreted as being atrophiecl. No appreciable
scarring was seen. The most striking variations in cell size were seen in
the right ventricle.

Liver: (Fig. 6) The liver showed extenisive nodular cirrhosis with
broad interlacing bands of scar, predominanitly periportal in distribution.
Within this scar tissue there was a very heavy depositioni of brown pigment,
both intracellular and extracellular, which stained positive for hemosiderin
by the Prussian blue reaction. There was also extensive bile duct prolifera-
tion and some isolated, infiltrated inflammatory cells, including granulocytes
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and mononuclear cells. The interveninlg liver parenchymal cells showed a
loss of their usual relationship to any identifiable central vein. There was
very little fat apparent in these cells; the cytoplasm was basophilic with
increased basophilic stippling anid also showed some iron-staining pigment.
It was not nearly so marked, however, in the parenchymal cells as in the
interveninlg scars. Most of the Kiipfer cells were well outlined with hemo-
siderin pigment, as well. At one poiint within the liver, there was a cir-
cumscribed, small nodule, 3 mm. in diameter, which was identified as an
adenicma. The cells in this adenoma, although containing hemosiderin,
showed anl appreciably less amounit of iron pigments as compared to the
adjacent cirrhotic liver.

Pancreas: The pancreas showed considerable autolysis and widespread
infiltration between the various lobules of fat. It could be appreciated,
however, that there was extensive ironi-stainied pigmenit withill the scar
tissue, which formed a finie network throughout the lobules, as well as
within the parenchymal cells and tlle cells of the islets.

Kidney: The kidney showed nio appreciable chalnge, except for exten-
sive iron-staininig pigmeint within the tubular epitlhelium, particularly of the

FIGURE 6 Case 2. Liver. Iron stain. The relatively greater concen-
tration of iron pigment in the Kupfer cells and regions of fibrosis, often the
case in exogenous hemochromatosis, is clearly shown. The cellular content
of iron was, however, high. The pancreas showed similar changes through-
out all parts of the organ. 100 x.
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distal conivolutedI tubules, the loops of Henle, and probably the first portion of
the collecting tubules.

Bone Marrow: Numerous sections of the boine marrow showed niormal
cellularity with normally appearing and occurrinig megakaryocytes, as well
as adequate granulopoiesis. Areas of erythropoiesis, however, were difficult
to find and undoubtedly were decreased. Occasionally there were aggrega-
tions of lymphoid cells as well. Ironi stains revealed a moderate amount
of Prussiani blue positive pigment withini the bonie marrow. It certainly
was not as marked there, however, as in the other organis. Sections of the
other tissues, inicluding small anid large intestinie, adrenials, lymph nodes,
tlhyroid anid hypophysis all showed abundant ironl-stainiing pignment.

This case strikingly demonstrates hemosiderosis from exog-
enous sources, probably exaggerated some by the effects of anemia.
It could be fairly argued that her terminal cardiac failure might
be the result of chronic anemia anid high cardiac output consequent
upon it. However, she was not severely anemiiic all the time, she
had no other complicating heart disease, and cardiac failure ap-
peared suddenly after many years of management. The failure,
once started, was rapidly progressive. These observations together
with the histological studies would seem to make tenable the
assumption this child died, for the most part, of hemosiderosis of
the heart. The ventricular tachycardia was not thought to be due
to digitalis intoxication.

The evidences of cardiac change in hemochromatosis are
usually those of diffuse cardiac enlargenment eventually followed
by a rapidly progressive myocardial failure. A few patients have
complained of exertional precordial and substernal pain. No coro-
nary sclerosis adequate to explain this was subsequently found.3' 17
Once myocardial failure has made its appearance, few cases live
beyiond 9-12 moniths, although instances have been recorded of
longer life, as in case 1 reported here.

When myocardial failure appears it seemls to be whole-heart
failure, in that both sides are simultaneously involved. Rightsided
failure tends to predominate. As a result edema is a prominent
finding and is often marked. The lheart is found on examination
to be moderately or even greatly diffusely enlarged. Murmurs are
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usually absent. No significant changes in blood pressure are
noted except for a general tendency toward normal or hypotensive
levels.

Of considerable interest is the high incidence of arrhythmias
and blocks in the reported cases. These findings appear to be
present in a much higher ratio than is ordinarily seen in myo-
cardial failure due to other causes, with the possible exception of
coronary arteriosclerosis. Paroxysmal auricular tachycardia,
auricular flutter, and auricular fibrillation include the tachycardias
reported. Ventricular tachycardia seems to be exceedingly rare.
4, 13, 14, 15 It was found in our second case as a terminal mani-
festation. Conduction disturbances include partial auriculo-ven-
tricular block and complete auriculo-ventricular block with
dissociation. 12, 17

Electrocardiographic changes, outside of those produced by
the arrhythmias and blocks, are not striking in degree but have
been numerous. These have consistedc, for the most part, of a
tendency for low voltage of the QRS complex and the frequent
occurrence of flattened or diphasic T waves in leads other than
standard Lead III. No significant T wave inversions and no
striking deviations of the ST segment have been encountered, as
far as can be determined.4' 14, 16 Sino-auricular block was re-
ported once. Premature beats of ventricular and auricular origin
have been common.

The clinical diagnosis of myocardial failure due to this cause,
is r-ot difficult if it occurs in association with the other classical
evidences of hemochromatosis, such as cirrhosis of the liver, pig-
mentation of the skin, and diabetes. A steady, inexorable progress
of the cardiac failture accentuiates this diagnosis even mlore. In
instances, such as our case 1, wNhere the cardinal corollary signls
an(I symptoms are missing or poorly developed, the diagnosis of
hemochromatosis heart disease may become extremely difficult.
\Vhile this type of heart disease, without the tusual findings of
hemiiochromatosis, must be considered exceedingly uncommon,
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nevertheless it is worthwhile to consider it in any individual who
presents progressiN,e whole-cardiac failure that does not respond
well to treatment and when a cause cannot be with certainty
determined. In these circumstances an accessory aid, such as
examination of the bone marrow for the presence of hemosiderin
clumps, is of real value.)IDetermination of the serum iron and
estimation of the degree of saturation of the iron carrying pro-
tein, siderophylin, is also helpful. In hemnochromatosis the serum
and siderophylin almost invariably will be found saturated with
iron. Liver biopsy demonstratioin is, of course, one of the strong-
est bits of evidence of the existence of this disease, but may be
hazardous in the presence of myocardial failure with hepatic
congestion.

Pathological study of the heart in hemochronmatosis has failed
to explain adequately the cause of myocardial failure. No coro-
nary artery disease of note has been described. The heart muscle
uniformly has a brownish color a(ld the total heart mass is very
often increased in amount, sometimiies considerably. Evidences
of mild hypertrophy are often seen anid dilatation of all the cardiac
chanmbers, more particularly the right, is the rule. Mlural thrombi,
without evidences of underlying infarction, have been reported
fronm time to time in either oI- both ventricles and clots have also
been described in the aurictular appendages.

Histologically, a variety of changes are seen. Most outstand-
ing are the deposits of henmosiderini pigment in the heart muscle
fibers. The pigment in themll is cltustered most heavily about the
nuclei in a polar distribtution that extends from the nuclei in a

linear manner toward the ends of the cell for varying distances.
All phases of degenerative changes in the cells may be seen-
swelling, hydropic changes, atrophy, splitting and fissuring of
the muscle fibrils, loss of the muscle striations, pyknosis and
karyorrhexis. Some cells show complete loss of sarcoplasmn with
only the sarcolemma remaining and enclosing a mass of granules
of hemosiderin. This change was seen prominently in Case 1.
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, 4, i 13, 13 Fatty degeneration of the muscle has been de-
scribed.' 7

Fibrosis of the myocardium is by no means universal. Some
cases that have had severe failure show almost no fibrosis. Others
have exhibited myofibrosis, occasionally of severe degree.3' 11, 13
Many observers have described hemosiderin granules in histio-
cytes, mononuclear cells, and in areas of definite fibrosis. How-
ever, usually little hemosiderin is found outside the muscle cells.
No correlation can be made between the intensity of the hemo-
siderosis and the occurrence of fibrosis. In some of the hearts
with the heaviest iron deposition, fibrosis was minimal or absent.
Occasionally interstitial edema is noted.1- Thickening of the
pericardium of slight amount has been found occasionally but
never to an important degree. Areas of fibrosis of a-patchy type
have been described. These have not been due to vascular injury,
as far as could be determined. No adequate studies of the conduc-
tion bundles have been made.

Some hearts show abnormally large amounts of hemosiderili
and yet have not undergone failure, in contrast to some which
show lesser amounts of hemosiderin and have been in advanced
failure. Such a circumstance may be, in part, the result of the
factor of time since some patients with advanced hemochromatosis
die of hemorrhage, liver insufficiency or other complications before
they may have had time to develop the myocardial failure that
vould have appeared later.

It seems likely that the simple storage of iron in cardiac
mluscle in the form of ferritin and hemosiderin does not, in itself,
cause irritation, subsequent degeneration of the fibers and replace-
ment fibrosis.6 In the light of the failure of anatomic changes to

adequately explain the myocardial failure, some other cause, such
as a derangement of cellular physiology and chemistry, due to an

excess of iron, might well be at the root of the cardiac weakness.

Ferritin is a protein substance which contains within its struc-
ture clusters of micelles of polymerized masses of ferric hydroxide.
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It exists in normal heart muscle in small amounts or not at all.
In hemochromatosis considerable concentrations are found. Hemo-
siderin is made up of large clusters of iron hydroxide groups which
are mixed with some type of protein. Recent evidence22 indicates
that it may be composed of sizable aggregates of ferritin which
tend to accumulate when iron stores are excessive. These aggre-
gates become large enough to be visible microscopically, can be
stained for iron and may contain as much as 35%o by weight of
the metal.6 Hemosiderin iron is available for use, as is ferritin
iron. However, when it exists in such large amounts as to inter-
fere with cell function its mobilization is impaired.' 22

Large amounts of hemofuscin and melanin are characteristic-
ally found in hemochromatosis, but there is no evidence that either
of these pigments plays any part in the disturbance of the heart
or other structures.

Racker and Krimsky18 demonstrated with brain homogenates,
that exceedingly small amounts of ferrous sulfate would partially
inhibit the enzyme glyceraldehyde phosphate dehydrogenase. This
enzyme acts rather far down in the glycolytic cycle but its inhi-
bition would decrease the formation of the high-energy adenosine
triphosphate (ATP). ATP is necessary for the proper phos-
phorylation of glucose. These investigators found that some effect,
presunmed to be due to a decrease in ATP, reduced the formation
of fructose- 1-6-diphosphate. Inhibition along this earlier part
of this chain of reactions would further limit the amounit of ATP
formed. If it can be presumed that excess iron stores in heart
mutscle have a similar effect uponi the glycolytic cycle in its cells,
a profound effect upon heart muscle metabolism would result.
It seems reasonable, too, that insoluble iron phosphate compounds
may be precipitated from phosphate-containing proteins in the
sarcoplasm, the nucleo-proteins of the nucleus and from ATP
in the presence of excess cellular iron. No proof of such changes
exists at present. Certainly, the swelling, hydropic degeneration,
atrophy, vacuolization, fibrillation and fatty changes in the heart
mluscle cells suggest some kind of biochemical disturbance.
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Treatment of these cases is unsatisfactory. The usual meas-
ures applied to the treatment of congestive heart failure with edema
are effective to one degree or another for a while, but eventually,
as was true in both our cases, such measures eventually fail. The
effects of the removal of iron stores by repeated bleeding is under
study at the present time by numerous investigators.5 Removal
of large quantities of iron can be accomplished this way but it is
uncertain at present as to what effect this will have on the over-all
disease. Such a form of therapy, which requires a prolonged
period for any definitive effect, would hardly be applicable in
cases of heart failure that are of such short duration. Recogni-
tion of the possibility of heart injury before the stage of irrevoc-
able tissue damage nmight make constructive results possible, but
judgment of this method of therapy must await further investi-
gation.5 19,20

SUN1MARY

The mechanism of excess iron storage in the body is reviewed.

Three reasons for such excess iron stores have been advanced:
cndogenous because of increased intestinal absorption due to un-
knowni causes; exogenioufs by way of multiple transfusions; and
nuitritional or dietary disturbances which may enhance iron ab-
sorption.

Clinical and pathological features of the whole heart failure
seen in hemochromatosis are discussed.

Simple irritative injury to cardiac muscle cells by hemo-
siderin deposits seems inadequate as an explanation for cardiac
failure. Biochemical changes in important enzyme systems anld
the destruction of phosphate-containing protein substances in the
sarcoplasm and nucleus by the excess iron may be a cause for the
myocardial failure.
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DISCUSSION

DR. ROBERT L. LEVY (New York) : As Dr. Lewis spoke, it occurred
to me that there might be an analogy betweeni these cases and certain
others showinig cardiac enlargemenit of obscure cause. I refer to voIn
Gierke's glycogen disease and, more particularly, to so-called idiopathic
myocardial hypertrophy. In the latter condition we hlave been actively in-
terested for a number of years.

In the idiopathic group, as in these cases, there is great cardiac enlarge-
ment. Other clinical features are the occurrence of arrhythmias of various
sorts; the formation of intracardiac thrombi with embolization to the lungs
or periphery; and the likelihood of a fatal outcome within a year after the



HOWARD P. LEWIS

onset of symptoms. At autopsy, the lesions in the heart vary from simple
hypertrophy of the muscle fibers to areas of focal necrosis and extensive
replacement fibrosis.

I have referred to certain points of similiarity between these conditionis
because, although their etiology is unkniowni, it seems possible that there
may exist some metabolic fault, probably different in each, which is respon-
sible for the pathologic lesions and, eventually, for heart failure.

DR. HOWARD F. RCOT (Brookline, Mass.): To me, this paper is of
very great interest, and perhaps to others who see many diabetic patients.

Within the last few years, in our series of patients with hemochroma-
tosis and in our series associated witlh diabetes, including some forty-five or
fifty pa.ients-and I recall, while sitting here, five patients in this group
(which, you see, is roughly 10 per cent) who have died characteristically
with heart failure. Two were young, in their thirties.

If you will remember the history of hemochromatosis, and at least
its interpretation as a chronic congeniital iron-retentioni process goilng over
the years, onie expects its development early in life.

These two both illustrated hemochromatosis with a rather rapid de-
velopment of heart failure, completely resistant to any form of treatment.
so that we have, oIn the basis of those two cases alone, come to the feeling
that, when one finds without other explanationi, rapidly progressing heart
failure with a large heart with failure to respond to any treatment hidden
hemochromatosis is worth bearing in mind, not only for diabetics but for
others.

In this group, it has been our experience that the level of serum iron
has proven actually more reliable, in terms of percentage, as an indication
of hidden hemochromatosis, than some other diagnostic procedures, in-
cluding the skin test, urinary test, and so on.

One of these patients, however, instead of being in the thirties, was
in the seventies. That is rather late for the development of hemochro-
matosis.

That patient was not diagnosed, except by the serum-iron level. There
was a good deal of doubt in our minds what the patient really had. The
patient finally died, and proved to have hemochromatosis plus a large
liver tumor.

In our patients, the hearts have showni considerable change, as you
have described; but fibrosis has also been a very striking feature in them.
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I merely add this little personal experience to emphasize that wh:ch
Dr. Lewis has already said; namely, that this problem is not quite so rare
as it has been thought to be and, at least in our experience, hemochroma-
tosis seems to be, in recent years, much more frequently associated with
severe heart disease, eveni though it may not have been fatal, thaln formerly.

DR. CYRUS C. STURGIS (Ann Arbor, Michigan). Some years ago
I observed a patient, a male, eighteen years of age, with idiopathic aplastic
anemia who was given 138 blood transfusions in four years. Each trans-
fusion averaged 500 c.c. of blood, and hence a total quantity of 68,500 c.c.
was administered. As hemoglobini contains 0.344 per cent of iron, it
would mean that 36.74 grams of iron were inijected intravenously during
this period. Toward the end of the four years, it was noticed that the
patient's skin had a distinct grayish color, and biopsy showed a deposition
of iron. At this time the patient developed a partial heart block which
later proceeded to complete block with eventual chronic congestive failure
and death. Necropsy showed a depcsition of iron in almost all of the
organs of the body including the heart. It containied iron in the myocardium
and in the Bundle of His. As there is convincing evidenice that in the
male only traces of iron are eliminated in the urine and bile, it is possible
that the iroin in the injected hemoglobin accounted for the presence of the
metal in the tissues. It should also be considered, however, that the deposition
of iron throughout the body in patients with aplastic anemia may result
from hemorrhage or hemolysis.

DR. JOHN MINOR (Washingtoin, D. C.): I just want to make one
comment about Dr. Lewis' very interesting paper, to ask a questioni really.
He has shown us anotlher obscure cause of myocardial failure.

Ordinarily, congestive failure is considered to be a contra-indication
to needle biopsy of the liver. I wonder whether sometimes, in circumstances
such as his first case, where there was no pigmentation and there was Ino
diabetes and difficulty of diagnosis was obvious, he would consider it
justifiable to subject this patient witlh congestive failure to a needle biopsy
of the liver, and thereby obtain a diagnosis which might lead, sometimes, to
effective therapy.

DR. TIIOMAs FITZ-HUGH, JR. (Philadelphia) Mr. President, I just
want to record one presumably favorable point in the exogenious type of
hemochromatosis.

I reported before this Society, about three years ago, the case of a
man who had had approximately 100 transfusioins in the course of a year,
for intractable anemia which had apparently not been properly assessed.
We undertook splenectomy for hemolytic anemia, at which time hemochro-
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matosis, which was clinically obvious, was proven by liver and spleen
specimens which I showed before this Society a few years ago.

The problem of his anemia was solved by splenectomy. He has since
remained perfectly well, except for his diabetes, which is stationary. His
cardiac status has also remained stationary. He had the flat T waves and
the small RST complexes which have been described. He had some effort
chest discomfort which has cleared up.

It is probable that, had this man gone on receiving blood transfusions,
he would have developed the full-blown pattern of cardiac failure which
has been described here; but his anemia problems having been solved by
splenectomy, it looks as if he is goinlg to remain alive and well, thus
suggesting that the hemochromatosis heart damage is not necessarily pro-
gressive and fatal.

DR. FRANCIS C. WOOD (Philadelphia) It just occurred to me that,
wheni you see an adolescent who has been chronically anemic, he almost
always has considerable cardiac enlargemenit.

I wonder if there is a pediatrician or hematologist in the room who
could tell us whether such a series of patients, at autopsy, will show that
hemochromatosis is partly a cause of that cardiac enlargement.

DR. CECIL J. WATSON (Minneapolis) : I have enijoyed Dr. Lewis'
presentationi very much. I wonder if, in his reading about hemochromatosis
and the heart, he has encountered any mentioni of hemopericardium.

Quite a few years ago, indeed well before we had any knowledge of
the relation of prothrombin to bleeding in patients with liver disease, we
had a patienit on our ward, who was deeply pigmented, generally bronzed,
who had the picture of heart failure. He had marked edema of the legs,
high venous pressure, enlarged liver, but no diabetes. On pericardial tal),
almost pure blood was obtained from the pericardial cavity.

He improved markedly after this, in surprising fashioln, and went
home without any definite diagnosis. That was before the days of liver
biopsy which, I am sure, would have established the diagnosis.

It should also be mentiolned that his skin, although deeply pigmented,
failed to show any evidence of iron. I would just emphasize, witlh respect
to this poinlt, that Lubarsch, in a large series of cases of hemoclromatosis
proven subsequently at autopsy, found that only about 50 per cenit hiad
demonistrable iron in the skin.

We have had the same experience on a number of occasions. There
is no stainable iron, but only a brown melaninl-like pigmeint.
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This patienit returned several years later in moribund diabetic coma
and, at autopsy, had a widespread hemochromatosis but Ino further hemo-
pericardium.

At that time, I was able to find two instances in the French literature-
I am sorry I caninot remember the names of the individuals who reported
the patients-iin which hemopericardium had been noticed in association with
hemochromatosis.

DR. THOMAS McP. BROWN (Washinigtoni, D. C.): Several years ago,
Dr. Sossman reported the unusual ability of the iron-laden, pigment-laden
liver, to obstruct x-ray radiation; and, as you may remember, showed
beautiful x-rays showing a double line in the right diaphragmatic area.

Dr. Lewis has indicated that it is very difficult to diagnose this
condition. One wonders whether Dr. Sossman's idea might not be utilized
with penetrating x-ray irradiation of the cardiac shadow, which should
render a more dense shadow, even with penetrating x-ray, than normally.

DR. LEWIS (Closing) In regard to Dr. Levy's remarks, there is an
interesting analogy between von Gierke's disease and idiopathic hypertrophy,
which suggests that in both some fundamental biochemical and physiologic
change has taken place.

I was interested in Dr. Root's young patients. The first case I
reported was quite young to have had so far advanced hemochromatosis,
especially because of the known time usually required for such an increase
in stored iron.

I think Dr. Root made an important point, too, in the matter of the
hidden hemochromatosis. In my first case, the cause of the heart disease
was not recognized by anyone. As a matter of fact, for a long time serious
thought was given to the possibility of pericarditis of a constrictive type.

The serum-iron values certainly are useful; and also, if one is in a
positioni to do so, is estimation of the quantity of iron in the iron-carrying
proteins.

Fibrosis of the myocardium has been mentioned by a number of people.
However, I have been impressed, after review of a large number of reported
cases, that fibrosis is really not an outstanding feature.

In regard to Dr. Sturgis' case, I remember this case well, havinig
read or heard of it before.

Dr. Minor, I am not sure. Personally, I would be fearful of doing
a liver biopsy in the two cases I reported, because of the congestion in the
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liver which was present. Some who are highly proficient in that techlni(quie
might feel differently about it.

With regard to Dr. Fitz-Hugh's remarks about blood transfusionis,
it is interesting that there have been a fair number of cases of hemosiderosis
reported in which not too much iron had been given by transfusion. These
examples occurred in people with prolonged anemia. There have beein
observations made by Gillman and Gillman, -and other people, which suggest
that in the presence of severe anemia iron absorption is increased, and that
also there may be nutritional and dietary factors present, too, which coIn-
tribute to abnormal absorption of iron. It is therefore possible that in a
person with a chronic anemia of long standing, other factors than the simple
parenteral administration of blood may be important.

We gave serious thought to the matter of whether anemia could funda-
mentally be behind this second case of myocardial failure. We discussed
it with our hematologists, who had followed this patient. In their opinion
it would be highly improbable that a high-output failure could be the cause
of the myocardial failure. They had never encountered high output failure
due to anemia in so young a patient.

I have never seen a case of hemopericardium in this disease; I only
know the reference to it which Dr. Watson mentioned. Apparently it is an
uncommon happening.

I think Dr. Watson made a significant poinlt that the pigmentation in
hemochromatosis is sometimes not due to iron, but to excess melanin which
is formed in this disease.

In the matter of increased density of the heart shadow by x-ray as a
diagnostic sign, I rather question whether it would ever be as useful as it
sometimes is in the case of the liver. When the heart is large, I think
one would have a very hard time deciding about this.
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